An indirect hemagglutination test has been adapted for use with varicella-zoster serology. Antigen was made in infected WI-38 human diploid cell line. The indirect hemagglutination antigen seemed to be a subunit of the virus particle. The Briefly, 3% sheep red cells were treated with freshly prepared tannic acid diluted 1:40,000 in phosphatebuffered saline. Cells were then sensitized with a previously determined optimal dilution of antigen by mixing equal volumes of sheep red cells and antigen. The sensitized cells were then centrifuged and resuspended in phosphate-buffered saline with 1% normal rabbit serum. Testing was performed by the micromethod with spiral loops and V-bottom plastic plates. After making twofold dilutions in 0.05 ml of 1% normal rabbit saline, 0.025 ml of 1% sensitized sheep red cells was added to each well.
The serological diagnosis of varicella-zoster virus has been practically limited to the complement fixation (CF) test. The neutralization test (NT) has been too cumbersome for large-scale testing because of difficulty in obtaining cell-free virus.
Recently Fuccillo et al. (3) and Bernstein et al. (1) reported an indirect hemagglutination (IHA) test for detection of antibodies to cytomegalovirus, following earlier work on an IHA test for Herpesvirus hominis (2) . This paper describes results of application of the IHA method to the serology of varicella-zoster infection.
MATERIALS AND METHODS Viruses. Fresh virus strains were isolated from the vesicles of patients with varicella (Eric and Christian) or zoster (EL). They were identified as varicellazoster virus by typical cytopathogenicity in human cell culture, with lack of virus release from the cells, and by a test of complement-fixing antigen against acute and convalescent sera.
Tissue culture media. W138 human diploid cells were used between the 24th and 34th passage level. Eagle's minimal essential medium containing 10 and 2% fetal calf serum was used for growth and maintenance, respectively. Sera. Sera were collected from patients with clinically diagnosed varicella or zoster. Control sera were also obtained from healthy adults and children.
All sera were inactivated at 56 C and absorbed with sheep red cells before the IHA test.
CF. The CF test was performed using the microtechnique with two exact units of complement and four units of antigen (5) . CF (1) . Briefly, 3% sheep red cells were treated with freshly prepared tannic acid diluted 1:40,000 in phosphatebuffered saline. Cells were then sensitized with a previously determined optimal dilution of antigen by mixing equal volumes of sheep red cells and antigen. The sensitized cells were then centrifuged and resuspended in phosphate-buffered saline with 1% normal rabbit serum. Testing was performed by the micromethod with spiral loops and V-bottom plastic plates. After making twofold dilutions in 0.05 ml of 1% normal rabbit saline, 0.025 ml of 1% sensitized sheep red cells was added to each well.
Standard antisera were included in all tests. Additional controls consisted of serum diluent with antigen-free, tanned red cells. Serum dilutions were started at 1:10. The titer was expressed as the highest dilution of serum that gave 3+ agglutination.
NT. Fresh cell-free virus was prepared by sonic treatment of infected cells and preservation of the sonic extract by the addition of sorbitol and freezing at -70 C. The virus preparation was diluted to contain 100 median tissue culture infective doses (TCID5o)/ 0.2 ml and mixed with equal quantities of serial dilutions of the serum to be tested. After incubation for 1 hr at room temperature, 0.2-ml portions of the serumvirus mixture were inoculated into each of two or three tubes of tissue culture. The inoculated tubes were stoppered and incubated in stationary racks at 35 C for 2 weeks until viral lesions were large enough to be observed. 
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RESULTS
Development of IHA antibody in varicella and zoster. Acute and convalescent serum specimens from both varicella and zoster cases were tested for IHA, CF, and NT antibodies. The acute specimens were obtained within 3 days of rash and the convalescent 14-21 days later. In zoster cases, the IHA, CF, and NT titers were well correlated, as shown in Fig. 1 and Tables 1 and 2 . On the contrary, in varicella cases, the IHA did not correlate with the CF or NT tests; IHA titers were low or absent in convalescent sera.
IHA antibody in normal subjects. Sera from normal infants, cord blood sera, and sera from elderly adults were tested for IHA antibody (Table 3) . Nearly 60% of elderly adults demonstrated antibodies, whereas only one infant (2%) was positive. Cord sera, which reflected the serology of young adult females, showed a low incidence of positive titers (8%).
Characteristics of IHA antigen. The IHA antigen was partially purified by centrifugation on a continuous sucrose gradient (5 to 60%). After 9 hr of centrifugation at 30,000 rev/min at 4 C, tanned red cell-sensitizing activity was detected in two peaks as shown in Fig. 2 .
The heavier IHA peak coincided with the CF activity and infectivity, whereas less sedimentable or "soluble" IHA activity was not associated with the presence of CF antigen or infectious virus. The two IHA antigens were tested separately against control sera, but no significant differences in titers were observed between the two IHA antigens.
Characteristics of IHA antibody. Serum samples were layered on sucrose gradients (10 to 40%). The samples were then centrifuged at 35,000 rev/min for 18 hr. Each fraction was analyzed for immunoglobulins by microimmunodiffusion against specific anti-immunoglobulin A (IgA), anti-IgG, and anti-IgM sera, and for varicellazoster antibodies by IHA. Representative cases are shown in Fig. 3 . In spite of the presence of IgM globulin, IHA activity was detected only in the IgG fractions.
Comparison of IHA antigenic differences between varicella and zoster viruses. To seek strain differences among varicella-zoster viruses, three strains were tested-two varicella strains and one zoster strain, all passaged in WI38. Antigens made from each strain were compared by IHA titer against standard sera. As shown in Table 4 , no antigenic differences were demonstrated. 128  128  128  <4  <4  <4  <4  32  >128  >128  128  64  256  256  128  32  64  64  64  32   IHA   10  <10  20  <10  <10  <10  <10  10  20  20  10  10  10  160  40  20  20  80  640  160   NT   <4  <4  <4  <4  <4  <4  <4 Cross-reaction with other herpesviruses. IHA antigens of herpes simplex type 1 and of human cytomegalovirus were prepared. Test against convalescent sera from patients infected with each of the three viruses showed little crossreaction (Table 5) .
DISCUSSION
The IHA antigen of varicella-zoster virus appeared to be associated with a subunit of the virus, since activity could be shown both in a heavy fraction containing infectious virions and a lighter fraction evidently containing smaller particles.
The antibody detected by IHA antigen was exclusively of the IgG class, as could be demonstrated by separation of the immunoglobulin classes on sucrose density gradients. The IHA antibody to varicella-zoster virus was shown to be specific, with little cross-reaction against antibodies to cytomegalovirus and herpes simplex virus.
In addition, no strain differences were shown between three varicella-zoster strains.
The IHA response to zoster was of a high magnitude and correlated well with CF and neutralizing responses. On the other hand, the IHA response to varicella was low in titer and low in proportion to the CF and neutralizing responses. 
